As the incidence of asthma and major lung diseases is on the rise, it is necessary to check the lung function of school going children in major cities which are polluted. We wanted to study and correlate the lung function test and BMI of asthmatic school children and compare the same with that of normal healthy children living in Delhi.
B A C K G R O U N D
According to a World Health Organization survey of 1,600 world cities, air quality in Delhi, India's capital, is the worst in the world. [1] , [2] Two other cities in India have lower air quality than Delhi: Gwalior in Madhya Pradesh and Raipur in Chhattisgarh. Anand Vihar is the most polluted area of Delhi. An estimated 1.5 million people are killed each year by air pollution in India; it is India's fifth-largest killer. According to the WHO, India has the highest death rate in the world due to chronic respiratory diseases and asthma. Poor air quality destroys the lungs of 2.2 million or 50% of all children irreversibly in Delhi. In November 2016, air pollution spiked far beyond acceptable levels in an event known as Delhi's Great Smog. PM 2.5 and PM 10 particulate matter rates reach 999 micrograms per cubic meter, while 60 and 100 respectively are the safe limits for these contaminants.
Motor vehicle emissions are one of the causes of poor air quality. According to some reports, 80 per cent of PM 2.5 air pollution is caused by vehicular traffic, though other reports suggest the percentage is lower. [3] Other causes include wood-burning fires, fires on agricultural land, exhaust from diesel generators, dust from construction sites, and burning garbage. And in Delhi, illegal industrial operation. 2.2 million In Delhi, children suffer irreversible damage to the lungs due to poor air quality. Furthermore, research shows that pollutants may decrease the intelligence quotient of children and increase the risks of autism, diabetes and even adultonset diseases such as multiple sclerosis. Poor air quality causes diminished lung capacity, headaches, sore throats, coughs, tiredness, and early death.
During childhood asthma, when exposed to certain stimuli, such as inhaling airborne pollen or catching a cold or other respiratory infection, the lungs and airways become easily inflamed. Asthma in children can cause irritating regular symptoms that interfere with play, sports, work, and sleep. Unmanaged asthma can cause dangerous attacks of asthma in some children. Childhood asthma is not an adult asthma disease, but children face unique challenges. Asthma in children is a leading cause of admissions, hospitalizations and missed school days to the emergency department. Sadly, there is no cure for childhood asthma, and symptoms can persist into adulthood. But one can keep the symptoms under control and prevent them with the right treatment.
Global Strategy for Asthma Management and Prevention Guidelines define asthma as "a chronic inflammatory disorder of airways associated with increased airway hyperactivity, recurrent wheezing episodes, breathlessness, tightness of the chest, and coughing." Asthma diagnosis is suspected in children with recurrent airflow obstruction episodes characterized by chronic wheeze/recurrent isolated cough/recurrent breathlessness/ chest tightness/nocturnal cough. There may be no indicators at the time of diagnosis that asthma is characteristically episodic. Spirometry and peak flow meter can be used as an aid to diagnosis, provided the child can perform the test. Standard questionnaires have circumvented problems in case description for public assessment of childhood bronchial asthma. The proportion of Indian school children with bronchial asthma has increased over the past 10 years to more than double. When 40 percent of children with insignificant wheeze and 70-90 percent of those with troublesome asthma tend to have symptoms in mid-adult life, the rise in asthma prevalence in children may have serious implications for their adult life. Etiology remains unknown despite research work aimed at understanding why some people and not others experience asthma. Experimental for possible reasons of epidemiological profile heterogeneity may be a more elusive source for clarifying some etiological aspects.
We wanted to study and correlate the lung function test and BMI of asthmatic school children and compare the same with that of normal healthy children living in Delhi.
Hypothesis
Pulmonary lung function test has a correlation with BMI and the pollution plays an effect in increasing in the development of asthma, increase in severity of asthma, increase the no of asthma attacks per year, no of absent days from school due to asthma.
Null Hypothesis
Pulmonary lung function test has no correlation with BMI. Pollution has no correlation with asthma in children.
ME T H O D S

Study Design
A cross sectional study.
Subjects
The study group consists of 106 school students living in Delhi for past 6 years. The prevalence of children having asthma is 7.5%. The control group, consist of sex and age matched 80 normal healthy individuals, who are school students. Taking 26 individuals as other group. Participants having past history of asthma due to obstructive lung disease were included as study group.
Sample Size
Estimation of Lung Function
Spiro-metric method was used to estimate lung function. In addition to predicted values by age, sex, height and weight, the Spiro meter measures actual respiratory flow. Following parameters were evaluated-1. FVC%-forced vital capacity. 2. FEV1%-forced expiratory volume at first sec. 3. FEV1/FVC-forced expiratory Ratio.
Estimation of Height and Weight 
Height is estimated by a stadiometer in cm.  Weight is measured by weighing machine in Kg.
Measurement of BMI
BMI is calculated by using Quetlet's Index-Divide weight in kilograms (Kg) by height in meters and divide the answer by height again to get BMI.
Statistical Analysis
The statistical data analysis was based on the estimation of the mean, standard deviation (SD) and the category distribution according to the existence of each variable. The difference between mean values of different variables between school students having asthma and control group has been evaluating by using unpaired students test. Pearson correlation test on the entire data as well as within group is used to test whether lung function tests correlate with BMI.
R E S U L T S
Most students had their pulmonary function less than the predicted by the machine (Table. 2). Four had symptoms of obstructive respiratory picture, 52 had restrictive pattern, 48 had mild restrictive and four moderately restrictive. Those with FEV1/FVC less than 80% were labelled as obstructive. Those with FVC less than predicted value were labelled by the machine as restrictive. Their pulmonary function was correlated with BMI in, Figure 1 , and Figure 2 . The correlation coefficient and p values are shown in Table- 2. 
Mean ± SD
Table 3. Correlation Coefficient and Statistical Significance of Pulmonary Function Tests and BMI
Correlation is significant at the 0.05 level (2-tailed).
Figure 1. Correlation of FVC and BMI Figure 2. Correlation of FEV1/FVC% and BMI
D I SC U S SI O N
Lung diseases make a significant contribution to mortality. 4 Children are especially susceptible to the effects of air pollution. We breathe through their ears, bypassing the nasal passage filtering effects, allowing toxins to penetrate deeper into the lungs. Relative to their weight, they have a large surface area and inhale relatively more air than adults.
The results of high FVC in children with high BMI conform to the findings of others. 5, 6, 7, 8 The reduction in lung volume due to high fat mass cancels the improvement in lung function with elevated BMI likely only in obese children and not in moderately overweight children. Smoking family, genetic predisposition and air pollution have been shown to have a negative impact on the lung function of children. 9, 10 A relatively new potential risk factor for lower lung function in children is overweight. [11] [12] [13] [14] [15] Some children's studies show a positive association. [16] [17] [18] [19] rather than an improvement in association 20 between BMI and FVC and FEV1. Observing different directions of BMI's lung function relationship between adults and children indicates that the adiposity-lung function relation varies with age. Historically, lower FEC and FEV1 in children with high BMI are not found in 8-year-old children. 21 Wang and his colleagues reported a number of BMI and lung function associations in 11y. A persistently elevated BMI at 12 years of age is not yet associated with lower FVC and FEV1, indicating that at a later stage the transition from the childhood association [High BMI associated with greater lung volume] to the adult association [High BMI associated with smaller lung volume] occurs. Lung function is an objective indicator of respiratory health and a predictor of cardiorespiratory morbidity and mortality. 22 In many cross-sectional and some cohort studies, long-term effects of ambient air pollution on lung functions are investigated. 23 Oxidative stress and inflammation are hypothesized as the key mechanisms by which environmental air pollution may affect human health. To date, only 2 studies have examined the role of exposure at different time points. Foetal et al. 24 stated that lung function was correlated with exposure in children 9-10 years of age during the first year of life and lifelong exposure, whereas in the BAMSE cohort, lung function at 8 years of age was associated with exposure in the first year of life, but not with exposure later. Whether boys and girls are sensitive to the effects of air pollution remains unclear. We have not found significant differences in boys' and girls' interaction on clear trends in our sample. Several other researchers reported stronger girls 24, 25, 26 associations, while others reported stronger boys 27, 28 associations or no differences. 29 Our findings suggest that exposure to air pollution can lead to a reduction in school children's lung function. While estimated changes in the parameters of lung function are relatively small, our findings suggest the possibility of clinically relevant decreases in lung function in the entire population.
C O N C L U S I O N S
Our findings suggest that exposure to air pollution can lead to a reduction in school children's lung function. Measures to improve air quality/reduce air pollution from industries, vehicles by adopting CNG/carpool/odd-even-rule, planting trees, pranayama, lifestyle changes etc. cannot be overemphasized here. The Supreme Court recently banned burning crackers in Delhi and burning of stubble.
